Heat exchange tubes of steam generators are prone to stress corrosion cracking. It is connected to the presence of the tensile residual stresses on the pipe surface. High requirements to durability and operational reliability of NPP equipment lead to the need of reducing of the residual stresses in the finished heat exchange tubes.
INTRODUCTION
One of the main factors that determine the technical condition and service life of the steam generator is the state of the heat exchange tubes [1] . As the heat exchanger tubes apply cold-deformed seamless tubes made of steel grade 08Cr18Ni10Ti sizes 16 x1,5 mm supplied in accordance with TU-14-3R 197-2001.
During the exploitation of the steam generator takes place the nucleation and subsequent growth of corrosion defects of heat exchanger tubes, the main of them is stress-corrosion cracking. Stress corrosion cracking occurs under the simultaneous action of the corrosive environment and tensile and residual stresses in tubes [2] . Therefore, the reduction of tensile residual stresses in the tubes is an urgent problem.
Currently, the technology of heat exchange tubes of steam generators include cold rolling, heat treatment in gas or electric ovens and subsequent straightening tube on the straightening mill. Necessity of straightening is caused by high tubes curvature after heat treatment. During straightening stretching residual stresses appear, as well as -phase extracts. It lead to reducing resistance of heat exchanger tubes to stress corrosion cracking [3, 4] . One of the tasks of improving the heat exchanger tubes production technology is the elimination of straightening by rolleres, as well as reduction of residual stresses in the tubes.
There was proposed the technology of electro contact heating and subsequent cooling tubes with simultaneous stretching. The technology is based on the fact that during cooling the outer layers of the tube wall in contact with the cooler, tend to shorten and tension prevents this, what leads to the appearance of "response" of compressive residual stresses in the surface layers of the tube [5] .
Nov 19
th -21 st 2014, Pilsen, Czech Republic, EU For testing regimes of heating and cooling tubes with simultaneous stretching to produce compressive residual stresses in the pipe wall the laboratory installation was designed and constructed.
MAIN TEXT

Material and Methods of the investigation
Studies were carried out on a specially designed installation (Fig. 1 ) in the laboratory of the "Metal Forming Department " in Ural Federal University on tube samples with size 20 × 1,5 mm made of steel 08Cr18Ni10Ti (AISI 321) after rolling production of OJSC "Pervouralsky Novotrubny Works", Pervouralsk, Russia. Fig. 1 . The scheme of laboratory installation for straightening tubes by stretching while warming: 1, 2 -crossmembers; 3 -tie rods; 4 -a nut; 5 -fixed grip; 6 -movable grip; 7 -tube sample; 8 -spring; 9 -a nut; 10 -shaft; 11 -current-supplying contact; 12 -coupling bolt of contact; 13 -a perforated tube Installation design includes two cross members 1 and 2 are made of non-conductive material (textolite) and tightened to form a rectangular frame by pins 3 and nuts 4. Into the central bore of crossmembers coaxially installed fixed 5 and mobile 6 grips with their ends threaded by M18 × 1 for fixing tube blanks 20 × 1,5 mm at with internal thread at the ends (Fig. 3) . The compression spring 8 with regimented stiffness coefficient is installed on sticking out the cross members 2 part of grip 6. The screw part of the shank of grip 6 with threads. There are installed nut 9 and washer 10 intended for pre-tensioning of the sample of tube 7 with a predetermined force. Copper current-carrying contacts 11, tighten by the bolts and nuts 12 and connected by cables to a power source are installed at the end parts of the sample at the level of threaded connections.
Inside the sample and coaxially with it installed a perforated tube 13, centered by axial bore of grip 5, for the purpose of internal cooling tubes, for example by water.
As a power source was used controlled transformer of Tamman type; power of 60 kW, maximum secondary current to 3000A, the voltage in the secondary circuit of the transformer to 15 V.
Temperature control was carried out continuously during heating and cooling by means of a chromel-alumel thermocouple (Fig. 2) , the junction of which pressed to the outer surface of the tube with a clamp (Fig. 3 ) installed in the center along the length of the sample. To thermocouple joined the millivolt, by which the temperature is regulated. In this case, the measurement error is determined only by the temperature difference between the tube surface and clamp. As the thickness of the clamp tape is only 0.5 mm, the difference in heating temperatures is not large and does not cause significant measurement errors. In addition, the operational control of thermocouple was carried out by contactless radiation pyrometer of model Raynger 3i 2MSC with a measuring range from 200 to 1800 0 C (Fig. 4) .
Exterior view of installation for straightening tubes by stretching with simultaneous heating, with the power source and tools for measurement temperature is shown in Fig. 4 . 
Experiment
The experiments were performed in the following order. Tubes were cuted into samples of 250 mm in length. At the end of the sample to a depth of 25 mm was cuted internal thread M18 × 1. Than thermocouple clamp was puted on the samples . Then the sample is screwed onto the fixed grip 5 ( Fig. 1) and current-carrying contacts 11 were fixed on it. Further movable grip 6 is screwed on the opposite side of the sample. On movable grip 6 werr installed spring 8, washer 10 and a nut 9, by means of which provides the required experimental conditions for axial tension. The tension value was determined by the compression of the spring in accordance with the pre-measured on the test machine stiffness of the spring. Current-carrying contacts fixed on the tubes bolts 12. After that, voltage from the power source was applied to the contacts. The heating rate and the maximum heating temperature regulated by secondary voltage on voltmeter power source. In the process of heating the sample was lengthend and increase of length was compensated by stretching of the spring.
The maximum mechanical tension in the tube sample acts before heating and decreases during heating and temperature elongation of the sample. It prevents plastic deformation under high temperatures, when the resistance to deformation of the metal is substantially reduced.
The design of the laboratory installation with almost any spring stiffness enables to carry out regimented axial plastic deformation. For this heating begins with a fully compressed spring, and when the temperature reaches maximum it is necessary to turn nut clockwise (with right-hand thread) by an angle α, defined by the expression
where  -relative deformation elongation of the sample tube; 0 l -the base length of the sample, which is determined by the initial length of the sample minus the total length of threaded parts of grips, mm;
 -thread pitch of nut, mm.
Also cooling without axial load was carried out in the same simple way. During the pause after the completion of the heating nut 9 is completely curled from the grip 6 freeing the spring. It is easy to understand that different regimes of tensions sample during heating and cooling are possible. In order to ensure prescribed initial tensile stress of the sample spring before heating was compressed by the amount of
, mm, where  -the maximum axial stress in the cross section of the tube sample, MPa; fsectional area of of the sample, mm 2 ; k -spring stiffness.
To determine the influence of intensity and direction of heat removal, it is expedient to study as the cooling of the outer surfaces as inner surfaces of the sample. In the first case the tube after heating cooled in air or in a water bath. In the second case, in the fixed gripping hole 5 ( Fig. 1) was entered a perforated tube 13 and air or water is supplied through it. Water vapor is removed from the cavity of the sample through the axial hole of the movable grip 6. In all cases, a timeline of cooling was registered by thermocouple or radiation pyrometer. Residual elongation of the sample (if it provides by the program of experiments) was determined after removing of the sample from grips of installation.
Results and its discussion
There were investigated the cooling of the outer surface of the tubes in the air and in the water, cooling the inner surface of the water. After the experiment, in the tube samples were controlled: residual stress, metal grain size, hardness and resistance to intercrystalline corrosion (ICC). After treatment, the samples were sent to the Central Laboratory of OJSC "Pervouralsky Novotrubny Works" for mechanical, metallographic The experiment allow to pick up the required processing parameters that significantly reduce the level of residual stresses in the tubes in comparison with traditional technology, and moreover -to obtain compressive residual stresses in the tube wall, which increases its corrosion resistance.
There were not provide reliable results for two of the samples because during testing with inner cooling perforated tube touched inner tube wall and pipe wall breakdown occurred.
CONCLUSION
Obtained experiment results allow to make the following conclusions:
1. The proposed method of finishing processing of heat exchange tubes provides a combination of straightening operations, and heating.
2. Laboratory research of regimes of heating and stretching tubes showed that the heating tubes with simultaneous tension and subsequent external cooling in air and in water provides the formation tangential compressive residual stresses in the tubes. Wherein the absolute value of the compressive tangential residual stresses during the cooling the tubes in water is bigger than during air cooling.
